Background: Obstructive sleep apnea (OSA) is the most common sleep-related breathing disorder. Despite its significant morbidities and mortality, the majority of patients with OSA remain undiagnosed. The epidemiology of OSA is well studied in Western countries, while there is scarce information on its epidemiology in other countries. We examined the prevalence of high-risk for OSA in a large urban region of Tehran, Iran.
INTRODUCTION
Obstructive sleep apnea (OSA) is the most prevalent sleep-related breathing disorder (1) . In OSA, the pharyngeal airway collapses repeatedly during sleep and causes complete or partial upper airway obstruction. OSA clinically manifests as loud snoring, choking, or gasping for air during sleep, sleep fragmentation, and excessive daytime sleepiness (2) . It is associated with increased mortality and morbidities, including hypertension, cardiovascular diseases, stroke, depression, and anxiety (3) (4) (5) (6) . Furthermore, it is associated with metabolic diseases, such as diabetes and obesity, besides an increased risk of car accidents (7) (8) (9) (10) .
OSA is generally an underdiagnosed disorder. Young and colleagues, using the data from the Wisconsin Sleep Cohort, showed that 82% of men and 93% of women with moderate to severe OSA remained undiagnosed (11) . The epidemiology of OSA is even more obscure in developing countries due to the limited availability of diagnostic sleep facilities and experts. Therefore, various non-laboratorybased screening tools are used to describe high-risk individuals in these countries.
Two studies conducted in Iran used the Berlin questionnaire to estimate the prevalence of OSA in a highrisk population (12, 13) ; however, these studies did not include the largest urban area of Iran (Tehran). In the present study, the Stop-Bang questionnaire was applied for screening OSA, as it is a simpler tool in a large cohort of respondents in comparison with the Berlin questionnaire.
This questionnaire was first constructed by Chung et al. Due to its high sensitivity, straightforward questions, and ease of administration, the Stop-Bang questionnaire has been used successfully as a screening tool in surgical and general populations (14) (15) (16) . It consists of 8 simple but efficient items for OSA screening, and respondents with 3 (or more) out of 8 items are scored positive. The sensitivity of this test has been estimated at 86.1%, 92.8%, and 95.6%
for the apnea-hypopnea index (AHI) > 5, AHI > 10, and AHI > 15, respectively (17) ; its sensitivity reaches 100% in severe cases of OSA (AHI > 30) (18) .
The present study aimed to determine the prevalence of high risk for OSA in a general adult population from Tehran, using the validated Stop-Bang questionnaire.
MATERIALS AND METHODS
The Ethics Committee of Shahid Beheshti University of Medical Sciences approved this study. The study sample consisted of adults (> 18 years) living in Tehran, Iran.
Generally, Tehran, the capital of Iran with 22 municipal districts and a population of around 8.5 million, is the largest city in the country and one of the most populated cities in West Asia. In this study, we applied cluster sampling, with each cluster comprising of 10 households.
For appropriate population distribution, 216 clusters were selected from the whole population with respect to each district's population; clusters from each region were randomly selected. One family was selected as the head of the cluster, from which 10 neighbors were systematically selected in a clockwise order. One male and one female subject, aged above 18 years, were surveyed in each family.
In this study, we used the Stop-Bang questionnaire as the 
RESULTS
We enrolled a total of 4021 participants within the age range of 18-97 years (mean, 40.88; SD, 15.4). Overall, 2075 (51.6%) subjects were female and 1946 (48.4%) were male.
The mean BMI was 26.18 kg/m 2 (SD, 4.43); in total, 39.7% of the samples were overweight and 17% were obese. In the study population, 8.1% were diabetic, and 10.2% had CAD. Less than one-third of the participants had a university degree. Table 1 presents the baseline characteristics and comorbidities of the participants. As the findings revealed, 38.5% of the participants reported loud snoring, and 12.7% reported apnea, as observed by their partner.
The complete information of 3923 subjects was available. Overall, 1513 (38.6%) participants were classified in the high-risk group for OSA. Table 2 indicates the number and percentage of high-risk individuals in various subgroups. Loud snoring was the most prevalent symptom in the high-risk group. The prevalence of high-risk for OSA was significantly higher in male participants, compared to females (51.4% vs. 26.5%; P> 0.001). Also, the prevalence of high-risk for OSA increased significantly with increasing BMI. 
DISCUSSION
We conducted a survey in a large urban population regarding the high risk for OSA, using cluster sampling.
More than 38% of the participants scored 3 or higher on the Based on the Berlin questionnaire, which was applied in general populations from the USA, Norway, South Korea, and Saudi Arabia (male population), the prevalence of high risk for OSA was measured to be 26%, 24%, 26%, and 33%, respectively (23) (24) (25) (26) . In addition, according to this questionnaire, 5% and 27% of the Iranian population were at high risk for OSA in 2 other studies (12, 13) ; these figures show the lower prevalence of high risk for OSA, which may be associated with the higher sensitivity of the StopBang questionnaire. Furthermore, the prevalence rate reported in our study is only indicative of high risk for OSA, and the percentage of patients with OSA is not determined due to lack of confirmatory tests.
The present study revealed the clear impact of age on the prevalence of high risk for OSA. Age categorization (10-year intervals) facilitated the estimation of increased OSA prevalence. As demonstrated in Table 2 , a higher prevalence of OSA symptoms was reported at older age in comparison with the younger age group (18-32 years as the reference age range). Except for the age group of 30-40 years, the difference was significant in other age groups, based on the multivariate regression model. As predicted in people above 50 years, the prevalence of OSA surged remarkably, which is related to the positive point assigned to the question of age in the questionnaire.
Obesity is a main risk factor for OSA and is taken into consideration in various screening tools for OSA. The percentage of obese individuals in our study population (17%) was higher than 2 other epidemiological studies conducted in Iran (8% and 12%) and lower than Brazilian and American studies (21% and 25%) (12, 13, 23, 27) . In this study, the prevalence of high risk for OSA increased with higher BMI; the adjusted OR for the group with BMI of 30-35 kg/m 2 versus the group with BMI < 20 kg/m 2 was 13.61, which is statistically significant.
In the present study, the prevalence of high risk for OSA was twice higher in men, compared to women.
Although male gender was considered as a positive diagnostic point for high risk of OSA, in previous population-based studies, the prevalence of OSA was 1.5 to 3 times higher in males than females (28) ; this difference could be attributed to the lower airway collapsibility in females with a similar BMI to males (29) . Moreover, the risk ratio reduced between males and females (after menopause), which is due to the increased risk among females (28, 30) . The multivariate logistic regression analysis of the female population indicated a risk ratio of 1.2 in postmenopausal and premenopausal women after adjustments for the variables (95% CI, 0.8-1.7); despite the higher prevalence, the difference was not statistically significant.
CAD, as the most common cause of mortality worldwide, is also the most fatal comorbidity of OSA.
CAD and OSA share common risk factors, such as obesity, male sex, and advanced age. In this study, the prevalence of high risk for OSA among CAD patients was more than 70%. Moreover, 18.7% of subjects from the high-risk group had CAD versus 4.6% of subjects from the low-risk group. Similar to our findings, Peker and colleagues in a 7-year follow-up study reported the incidence of CAD among OSA and non-OSA subjects to be 16.25% and 5.4%, respectively (31).
On the other hand, diabetes is another major comorbidity of OSA with similar risk factors. The present study showed that more than three-fourth of patients with diabetes were at risk of OSA. Also, the prevalence of diabetes was nearly 19% in the high-risk group and 2.7% in the low-risk group; these findings are compatible with previous reports. In this regard, Reichmuth et al., in a large cohort study using polysomnography, reported the prevalence of diabetes to be 14.7% in subjects with AHI > 15 and 2.8% in subjects with AHI < 5 (32) Also, detailed studies using confirmatory tests are recommended to accurately estimate the prevalence of OSA and focus on early detection and preventative methods.
